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(54) Sensor comprising an oligomer binding layer and method of making such sensor and arrays 
of such sensors 



(57) An aim of the Invention is to provide a new type 
of sensor, capable of recognising and/or quantifying an- 
alytes in a fluid. A further aim of the present invention Is 
to provide such sensors with an oligomer material as a 



binding layer. A further aim of the present Invention is 
to provide a novel method for the manufacture if such 
sensor wherein the oligomer layer is locally deposited 
on the sites of the sensor having a multitude of sensing 
sites. 



CO 
CO 

o 

CO 

o 
o 

liJ 




FIG. 8 



Printed by Jouve. 75001 



..R.s,P.,BEST AVAILABLE COPY 



1 



EP 1 003 033 A1 



• 

2 



Description 

Field of the invention 

[0001] The present invention relates to sensors and 
to nnethods for the making thereof. 

State of the art 

[0002] Sensors and biosensors are known in the art. 
A biosensor can be defined as a system that can deter- 
mine the existence or the concentration of a certainran- 
alyte in a sample by translating molecular recognition of 
said analyte ultimately intoan electrical signal by means 
of a translation system. Biosensors can be used for any 
kind of analyte that can be detected by biological means. 
Most important Is the use tor detecting and/or quantify- 
ing for instance metabolites, drugs, proteins, antigen- 
antibody interactions, i.e. metabolite detection and af- 
finity and Immunosensing In general. For instance, de- 
tecting glucose in a diabetes patient's blood is of vital 
importance, detection of possibly life-threatening micro- 
organisms in food enhances food safety, detection and 
quantification of pollutants like CO, herbicides, chemi- 
cals and heavy metals are necessary to find and decon- 
taminate polluted areas. 

[0003] Biosensors can be catak>gued in different 
groups, depending on their biological recognition sys- 
tem and the translation system. 

[0004] Subdivision according to the biological recog- 
nition system comprises enzymatic sensors (based up- 
on the reaction of a substrate catalysed by an enzyme, 
immunosensors (based upon the affinity between anti- 
bodies (or parts thereof) and antigenic determinants, e. 
g. ELISA test) and genosensors (based e.g. upon rec- 
ognition of complementary RNA and/or DNA single 
strand molecules, and DNA-probes). 
[0005] Subdivision of the biosensors using a classifi- 
cation according to the translation system used, com- 
prises electrochemical biosensors (amperometric, po- 
tentiometric, capacitive or impedimelric), optical biosen- 
sors (e.g. Surface Plasmon Resonance (SPR), ellipso- 
metric, fluorescence, ...), gravimetric biosensors 
(measuring a difference in mass by measuring a change 
in resonance frequency of a quartz crystal when the an- 
alyte binds or adsorbs to the crystals), and calorimetric 
biosensors (measuring the reaction enthalpy released 
when the analyte binds to a substrate). 
[0006] When using recognition biomolecules, such as 
antibodies, enzymes, oligonucleotides or nucleic acids, 
these molecules need to be fixed to a carrier surface in 
order to be able to perform their recognising function in 
a reproducible way Several possible techniques have 
been devised to perform the immobilisation. 
[0007] One technique that is used in glucose-sensors 
is the Immobilisation of e.g. an enzyme (glucose-oxi- 
dase) between two selectively permeable membranes. 
The first membrane is only permeable to the analyte 



(glucose), while the second membrane is only permea- 
ble to hydrogen peroxide, a reaction product of the en- 
zyme-promoted reaction of glucose. The amount of hy- 
drogen peroxide can easily be measured by oxidation 
s at an electrode and correlated to the amount of analyte 
in the measured sample. 

[0008] Another technique relies on physical adsorp- 
tion to a fixed carrier surface. This has the major advan- 
tage that no special agents are necessary to bind the 
10 biomolecules to the carrier surface, the adhesion being 
the result of weak interactions such as Van der Waals 
interactions, dipole-dipole interactions and/or hydrogen 
bonds. 

[0009] A third technique is based upon bifunctional re- 

15 agents that can couple molecules to each other. Such 
a configuration has as a disadvantage that it can atten- 
uate a highly active protein layer by partly shielding the 
activity with inert protein material. A reagent frequently 
used In this context is glutaraldehyde. This reagent can 

20 react with two free amino groups. 

[0010] Another technique is covalent binding to a sub- 
strate. Usually, in the case of binding a protein, this im- 
plies the binding of a reagent to a free amino group that 
is unnecessary for the subsequent recognition of the an- 

2S alyte molecule. A regularly used way to perform this is 
to use a shielding molecule that reversibly binds to the 
active site of the biomolecule necessary for the analyte 
recognition while covalently fixing said biomolecule to 
the carrier substrate. Removal of the shielding molecule 

30 results in an active biosensor. 

[0011] In the prior art, polymers are used to immobi- 
lise biomolecules that can recognise an analyte. The 
polymers are bound to an electrode surface of a sensor. 
Polymers can provide the necessary sites to induce ad- 

35 sorption by weak forces such as Van der Waals forces, 
dipole-dipote interactions and hydrogen bonds. Further, 
polymers can provide a matrix In whch said biomole- 
cules can be trapped. Polymers that are useful for this 
purpose are amongst many others PVA (poly(vinylalco- 

40 hoi)), PVC (poly(vinylchloride)), PAA (poly(acrylamide)) 
and PU (polyurethane). This solution provides only a 
slow response time, since analytes have to diffuse 
through the matrix to the biomolecules to be detectable. 
[0012] The polymers can be deposited on one of the 

45 surfaces of the sensor by spin-coating. This method 
does not allow for a localized, selective deposition of the 
polymers. Dispensing of the polymers on localized spots 
of the sensor can be done but in this case the biomole- 
cules are to be bound to the electrode prior to definition 

50 of the detection system (the sensor). After this step, heat 
treatments often are to follow. Such heat treatments 
however can destruct the biomolecules and/or the bind- 
ing of the biomolecules to the polymers. The use of pho- 
tolithography techniques in binding polymers to a sen- 

55 sor system furthermore is limited to transparent sys- 
tems. 
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Aims ot the invention 

[GDI 3] An aim of the invention is to provide a new type 
of sensor, capable of recognising and/or quantifying an- 
alytes in a fluid. A further aim of the present invention is 
to provide such sensors with an oligonner material as a 
binding layer. A further aim of the present invention is 
to provide a novel method for the manufacture of such 
sensor wherein the oligomer layer is locally deposited 
on the sites of the sensor having a multitude of sensing 
sites. 

Summary of the invention 

[001 4] A first aspect of the present invention is to dis- 
close a new type of oligomer material. These new oli- 
gomer materials can comprise substituted bis(styryl) 
benzene oligomer materials and substituted bis(styryl) 
thiophene oligomer materials. In the sequel of this pat- 
ent applicalion, Ihe bis(styryl)ben2ene oligomer materi- 
als and the bjs(styryl)thiophene oligomer materials will 
be denoted as backbone oligomer materials. The sub- 
stituents can comprise alkoxy-groups, hydroxyl-groups, 
amino-groups, epoxy-groups, thiol-groups and car- 
boxyi-groups or any other group that is capable of bind- 
ing recognition molecules for detecting analytes in a flu- 
id These groups can be a introduced by a spacer-arm 
on the oligomer backbone material. The spacer-arm can 
be an alkane-chain or a Si-chaIn or a alkene-chain or 
derivatives 

[001 5] The backbone oligomer with an alkoxy-groups 
can be one of the group consisting of 2,5-dimethoxy- 
1 ,4-b(s(3,4,5-trimethoxystyryl)benzene, 2,5-alkoxy- 
1,4-bis(3,4,5-trimethoxystyryl)benzene and 1,4-bis 
(3,4,5-tnmethoxystyryl)thiophene. 
[0016] It is a second aspect of the present invention 
to disclose a sensor for the detection of an analyte In a 
fluid, characterised In that said sensor comprises: 

a substantially inert carrier substrate ; 

at least one electrode positioned on at least part of 

said substrate ; 

an oligomer binding layer at least partly positioned 
on at least part ot said electrode ; and 

a recognitton molecule bound to said oligomer bind- 
ing layer said biomolecule being capable of recog- 
nising said analyte. 

[0017] In a preferred embodiment of the invention, the 
oligomer binding layer is selected from the group of sub- 
stituted bis(styryl)benzene oligomer materials and sub- 
stituted bis(styryl)thiopheen oligomer materials. The 
substitucnts on these backbone oligomer materials can 
comprise alkoxy-groups, hydroxy-groups, amino- 
groups, epoxy-groups, thiol-groups and carboxyl- 
groups or any other group that is capable of binding mol- 
ecules tor detecting analytes in a fluid. The oligomer lay- 
er can also be a substituted arylene alkenylene oli- 



gomer. The chemical structure of arylene alkenylene ol- 
igomers can be defined as follows: every possible se- 
quence of one or more aromatic or heteroaromattc units 
like benzene, thiophene. pyrrole, aniline, indole, and 
s many others (the arylene segments) which can be con- 
nected by one or more alkenyl segments (-(CR=CR'-) 
n). The arylene alkenylene oligomer can be substituted 
as well on the aryl segments as on the alkenyl seg- 
ments. 

[0018] In a preferred embodiment of the invention, the 
sensor is a biosensor, preferably an impedimetric bio- 
sensor which has two electrodes. The binding of the rec- 
ognition molecule to the oligomer binding layer can be 
a covalent bonding. Said recognition molecule can be 
selected from the group consisting of DNA, RNA, oligo- 
nucleotide, protein, antibody, antigen and/or enzyme 
molecule. 

[0019] The invention further concerns a sensor array 
comprising at least two sensors as described herea- 
bove. Such sensor array has a multitude of sensing 
sites, each sensing site being a sensor. Said sites can 
each have a different recognition molecule and/or oli- 
gomer binding layer. The sites can also have a different 
number or density of recognition molecules. A number 
of sites can have the same recognition molecule and/or 
density of recognition molecule and/or have the same, 
oligomer binding layer. . 
[0020] Also, the invention concerns in a third aspect 
the use of oligomers materials for the manufacture of 
biosensors. 

[0021] A method for the manufacture of a sensor is, 
disclosed, said sensor having a substantially inert car- 
rier substrate and at least one electrode positioned on 
at least part of said substrate, said method comprising 
the following steps: 

depositing an oligomer binding layer on said elec- 
trode, and 

binding a recognition molecule capable of recogni- 
tion of an analyte in a fluid to said oligomer layer. 

[0022] The recognition molecule can be bound to the 
oligomer layer prior to the deposition step or after the 
step of depositing the oligomer binding layer on the elec- 
trode. 

[0023] Further is disclosed a method for locally de- 
positing an oligomer binding layer on a sensor array 
comprising at least two sensors. The sensors have a 
substantially inert carrier substrate and at . least one 
electrode positioned on at least part of said substrate. 
Such sensor array has a multitude of sensing sites, each 
sensing site being a sensor. In a preferred embodiment, 
the inert carrier substrate is a common substrate of the 
array. Said oligomer binding layer is deposited on at 
least one selected electrode of said array by applying a 
voltage higher than the threshold voltage for elec- 
trodeposition of said oligomer on said selected elec- 
trode while the voltage applied on at least part of the 
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other electrodes of said array is lower than said thresh- 
old voltage. In a preferred embodiment of an impedimet- 
ric biosensor array which has two electrodes for one 
sensing site, the oligomer binding layer can be depos- 
ited to both electrodes during this local deposition. The 
oligomer binding layer can be absent in-between the 
separate electrodes or the oligomer layer can cover the 
inert substrate in-between the electrodes. 
[0024] Yet in another separate aspect of the invention, 
a sensor for the detection of an analyte in a fluid is dis- 
closed. 

[0025] The sensor according to this separate aspect 
of the invention comprises : 

a substantially inert carrier substrate, preferably a 
semiconductor substrate ; 

an oligomer binding layer in contact with a surface 
layer of said substrate, the oligomer binding layer 
comprising an oligomer with a backbone oligomer 
material selected from the group of substituted bis 
(styryl)benzene oligomer materials or substituted 
bis(styryl)thiopheen oligomer materials, with as 
substituents on these backbone oligomer materials 
alkoxy-g roups, amino-groups, epoxy-groups, thiol- 
groups or carboxy I -groups, or with the oligomer be- 
ing a substituted arylene aikenylene oligomer ; and 
a recognition molecule binded to said oligomer 
binding layer, said biomolecule being capable of 
recognising said analyte. 

[0026] The oligomer can also consist essentially of a 
backbone oligomer material selected from the group of 
substituted bis(styryl)benzene oligomer materials or 
substituted bis(styryl)thiopheen oligomer materials, with 
as substituents on these backbone oligomer materials 
alkoxy-groups, amino-groups, epoxy-groups, thiol- 
groups or carboxy I -groups, or the oligomer can also 
consist essentially of a substituted arylene aikenylene 
oligomer. The teaching of the other aspects of the 
present invention, of the preferred embodiments, and of 
the examples and embodiments and preferred embod- 
iments in the sequel, and any combination of aspects or 
embodiments or examples can be applied to this sepa- 
rate aspect of the invention. Therefore embodiments 
and examples of this separate aspect of the invention, 
can be construed according to the knowledge of the per- 
son skilled in the art, based on the enclosed teaching. 

Brief description of the figures 

[0027] Figure 1 is representing a microphotograph of 
part of an embodiment of an impedimetric biosensor 
with two electrodes which are configured in an interdi- 
gated, separate electrode structure. 
[0028] Figure 2 is representing the impedimetric bio- 
sensor of figure 1 with the detection principle. 
[0029] Figure 3 is representing a backbone oligomer : 
2.5-dimethoxy-1,4-bls(3,4,5-trimethoxystyryl)ben2ene. 



[0030] Figure 4 is representing the synthesis pathway 
of the oligomer as described in Figure 3. 
[0031] Figure 5 is describing several possibilities of 
functional groups which are used for the coupling of a 

5 free amino group. 

[0032] Figure 6 is representing a backbone oligomer 
2,5-alkoxy-1 ,4-bis (3,4,5-trimethoxystyryl)benzene. 
[0033] Figure 7 is representing a backbone oligomer : 
1,4-bis(3,4,5-trimethoxystyryl)thiophene. 

10 [0034] Figure 8 is representing a sensor array having 
a 4x4 impedimetric sensor structure. According to this 
embodiment only line by line a voltage can be put on the 
sensing sites of the array. The local deposition tech- 
nique of the invention in this embodiment therefore can 

IS be done only line by line. 

[0035] Figure 9 is representing a flow-injection ana- 
lyser using a sensor array according to the invention. 
[0036] Figure 10 represents the synthesis of oligom- 
ers according to a preferred embodiment of the present 

^0 invention. 

[0037] Figure 11 shows the activation of the immobi- 
lised oligomers according to a preferred embodiment of 
the present invention. 

[0038] Figure 12 is representing the immobilisation of 
2S the biomolecule to the activated oligomer. 

[0039] Figure 1 3 describes the final structure of a sen- 
sor element according to a preferred embodiment of the 
present invention. 

30 Detailed description of several embodiments of the 
present invention 

[0040] The invention will be demonstrated using an 
impedimetric biosensor, as described in Van Gerwen et 
35 al., Nanoscaled interdigitated electrode arrays for bio- 
chemical sensors, Sensors and Actuators B 49 (1998) 
73-80. The teaching of this document is incorporated 
herein by reference. This kind of sensor constructbn is 
used in al! examples detailed herebelow. 
40 [0041] The present invention can also be applied to a 
biosensor as described in W097/21094. incorporated 
herein by reference. 

[0042] These impedimetric biosensors have two elec- 
trodes. Sensors with only one electrode can also be 
45 used according to the invention. Such one electrode 
sensors can be some gravimetric sensors or surface 
plasmon resonance sensors and can be fabricated. The 
electrode on the surface plasmon resonance sensors 
can be made by coating a film of gold on a prism and 
50 the oligomer layer is thereafter deposited on the gold 
film. 

[0043] The nanoscaled interdigitated electrode arrays 
of Van Gerwen et al. can be realised by using deep UV 
lithography. Electrodes (2) have a width of between 250 
ss and 500 nm, with siliciumdioxide (3) in between. The 
electrode material can comprise palladium, gold, plati- 
num or titanium dioxide or any other electrode material 
that allows for electrodeposition of oligomer materials. 
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I n the case of palladium, a 50 nm layer can be deposited 
on a 1 5 nnn titaniunn interface layer, deposited on an iso- 
lating, thermally grown silicon oxide layer. A Scanning 
Electronic Microscope (SEM) image is provided in Fig. 
1 . Preferably, and as indicated in this Fig. 1 , the pattern 
used has a "interdigitated" layout (1). 
[0044] The layout (1) of the electrodes (2) can be im- 
posed by photolithography, followed by a lift-off proce- 
dure. An impedimetric signal can be detected when bi- 
omolecules attach to the structure and change the im- 
pedance spectrum. This impedance spectrum is meas- 
ured by applying a sinusoidal alternating voltage or a 
combination of sinusoidal signals to the electrode struc- 
ture as previously described. The resulting currents are 
delcclod with changed amplitude and phase. The cur- 
rent and voltage are at all times related to each other by 
a complex impedance. This impedance can thus be cal- 
ctirtiod at all times, and an impedance spectrum, relat- 
in^ the measured Impedance to the applied voltage fre- 
quency This impedance spectrum can be represented 
b> rt BoJe plot, where the two components IZI (ampli- 
tuJC) nrd (orientation) are represented in function of 
the voUrtgc frequency, 

(0045). Such an impedance spectrum is then mim- 
ic kcc t>y building an equivalent electronic configuration 
of oiccif CHlrind electrochemical components. From this 
cioci onic configuration scheme, the parameter that is 
irviuoncod oy the binding of the anatyte with the probe 
rAU^r-\n<i lo the electrode surface, can be identified. 
|0046) An ombodiment of the present invention com- 
prises inc use of oligomers for binding recognition mol- 
ecules ID such sensors. The molecules can covalently 
Hti^cn to srtid oligomers with functional groups that are 
not necessary to perform the recognition function nec- 
cssn-y to dcioct an analyte. Two modi operandi are pos- 
sible Ihc recognition molecules are bound or incorpo- 
frticd onto !ho oligomers prior to the depositbn step (i. 
c the deposition step deposits an oligomer-biorecogni- 
lion ensemble), or the biomolecules are attached to a 
free tunclionrtt group of the oligomer after the deposition 
slop Thus the deposition of the oligomer can create a 
localised sensor element activated for binding the rec- 
ognition molecule). 

[0047J The use ol oligomers as hereafter described 
has the tunhcradvaniage of allowing for local deposition 
on the sensor This can be exploited to provide a sensor 
array, with which different analytes can be measured. 

Example 1 

a) Svnt hosts of a potential backbone oiigomer 
2.5-dtmethoxy- 1 ,4-bis{3AS-tnnnethoxvstvr\'i)benzene 
(OMToctamcthoxytrtmor) (Fig. 3) 

[0048] OMT can be synthesised by the Wittig route, 
which implies the reaction of a phosphoniumylide with 
a carbonylfunction to result in a double bond. The syn- 
thesis pathway is depicted in Fig. 4. Hydroquinone is 



reacted with methylbromide to form 1 ,4-dimethoxyben- 
zene (Williamson synthesis). The 2,5-dimethoxy- 
1,4-dichloroben2ene results from the chloromethylation 
of 1 ,4-dimethoxybenzene. Reaction with triphenylphos- 
s phine gives rise to the according phosphonium salt. In 
the presence of sodiumethanolate, phosphoniumylide is 
formed that can further react with 3,4,5-trimethoxyben- 
zaldehyde. 

10 t) Electrodeposttion of the oligomer 

[0049] The oligomer can be electrodeposited by ap- 
plying at least a certain threshold voltage on the elec- 
trode that has to be covered. This voltage can provide 
IS the energy to deposit the oligomer on the electrode. 

c) CouptinQ of the biomolecule to the oliQomer 

[0050] Coupling of the biomolecule (that will be re- 

20 sponsible for the recognition of the analyte) to the oli- 
gomer can be performed by using one of the available 
functional groups. These groups can be substituted into 
the oligomer by known chemical methods and are pref- 
erably a hydroxyl, amino or carboxyl group. Said groups 

2S may be substituted on the ary Irings and/or on the olefine 
bonds. 

[0051] As an example, an amino group may be fnclud->^ 
ed in the 3-position of the central arylring of the exem- - 
plified compounds. Furthermore, a functional group may 

30 be incorporated which is bonded to the oligomer via a^ 
spacer arm, preferably an alkane chain, which facilitates 
the bonding of a biomolecule. After incorporation of this 
functional group, this oligomer may be electrochemical- 
ly deposited and thereafter the recognition biomolecule 

35 can be bonded. 

[0052] The coupling of a free amino group (as in pro- 
teins and peptides) to a functional group of one of the 
types listed higher can be seen in Fig. 5. 

40 d) Recording of base impedance spectrum, mimickinQ 
said impedance spectrum by an equivalent electronic 
configuration and cafibratinp the biosensor for an 
analyte 

^5 Example 2 

[0053] Same as example 1. but with 2.5-alkoxy- 
1 ,4-bis(3,4,5-trimethoxystyryl)benzene (Fig. 6) as back- 
bone oligomer. 

so 

Example 3 

[0054] Same as example 1 , but with 1 ,4-bis(3,4,5-tri- 
methoxystyryl)thiophene (Fig. 7) as backbone oligomer 

55 

Example 4 

[0055] Same as example 1 , but with step c (attach- 
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ment of the biomolecule to the oligomer) performed be- 
fore step b (etectrodeposition of the oligomer). 

Example 5 

[0056] Same as example 2, but with step c (attach- 
ment of the biomolecule to the oligomer) performed be- 
fore step b (electrodeposition of the oligomer). 

Example 6 

[0057] Same as example 3, but with step c (attach- 
ment of the biomolecule to the oligomer) performed be- 
fore step b (electrodeposition of the oligomer). 

Example 7 

[0058] Sensor array with localised deposition (immo- 
bilisation). 

[0059] A sensor array (4) (e.g. 4x4 impedimetric sen- 
sor structure such as in Fig. 8) can be selectively coated 
with different oligomers and/or different biomolecules or 
different amounts of biomolecules (to enhance the 
range of the sensor array for one specific analyte). This 
can be done by selecting one electrode (5) of the array 
(in the figure always one line of the array), elect rod epos it 
only on this electrode (or line) by only applying a suffi- 
cient voltage on this electrode (or line). Specific choices 
of biomolecules and/or oligomers depend on the appli- 
cation 

Example 8 

[0060] A sensor or sensor array according to the 

present invention can be used as a detector (7) in a flow- 
injeciion analyser (6). Such a schematic flow-injection 
analyser can be seen in Fig. 9. 

Example 9: Detailed Description of the Best Mode 
Embodiment 

Manufacturing of an electrode structure 

[0061] As the carrier substrate, a silicon wafer is se- 
lected and cleaned according to well-established proce- 
dures and oxidised in order to obtain an insulating layer 
of oxide on the silicon. Alternatively other insulating lay- 
ers such as e.g. silicon nitride can be used in order to 
deposit or grow an insulating material on the silicon sub- 
strate. Alternatively ceramic or plastic insulating sub- 
strates can be used, given a sufficient surface smooth- 
ness and other relevant properties. 
[0062] A metal layer is deposited on the Insulating 
substrate and patterned according to techniques known 
in the manufacturing of electronic circuits, i.e. patterning 
can be performed by a lift-off process or by ething, fol- 
lowing a photolithographic definition step, resp. prior or 
after the metal deposition step. In general anchoring or 



adhesion layers are deposited prior to the deposition of 
the metal layer in order to obtain satisfactory adhesion 
of the metal layer on the insulating substrate. Anchoring 
layers of Ti and Ti/Pd multilayers are used, followed by 

5 the deposition of resp. Pd and Au metal layers. After pat- 
terning the insulating substrate is covered by an array 
of metal electrodes, which can each individually be ad- 
dressed for deposition or read-out as further explained. 
[0063] The silicon wafer Is diced into sensor arrays, 

10 each containing a limited number of electrode structures 
as defined by the actual lay-out as defined by the pho- 
tolithographical patterning and design required by the 
application. 

[0064] Each die, containing a sensor array, is pack- 
15 aged in such way that the electrodes can be contacted 
by electrical means to the outside world and such that 
on immersion in solution only a predefined area of the 
sensor array, i.e. the electrode ensembles are allowed 
to contact the solution (and not the wires or contact lines 
20 not involved in the electrode structure itself). 

Synthesis of oligomers : figure 10 

[0065] In a first step one forms the difosfoniumsalt. 
25 This is done by using dimethylformamide as a solvent. 
The reaction takes 5-10 hrs under constant reflux tem- 
perature. In a final step the precipitate is washed with 
ether. 

[0066] For the Wittig reaction one can use dry ethanol 
30 as a solvent. To this mixture, one adds sodiumeth- 
anolate as the base. This reaction takes 5-10 hrs at a 
temperature between room and reflux. Everything is 
done in ultra dry conditions and under N2-protection to 
avoid secondary reactions of the Grignard-reagent with 
35 oxygen and water. 

[0067] For the Grignard reaction one uses dry ether 
as a solvent. In this solvent one brings an amount of 
solid magnesium together with a catalyst: I2. To this mix- 
ture one adds the dibromo-molecule and one lets it re- 
40 act. When everything is dissolved, one adds the solid 
CO2. In a final step one works it up with HOI and water. 

Deposition of the oligomer on an electrode structure 

45 [0068] An oligomer in acetonitrile solution is brought 
in the presence of 0. 1 M UGIO4. One applies a potential 
greater than the oxidation potential of the oligomer over 
the sensor element and a reference electrode. In this 
way, one is depositing an oligomer film on the electrodes 

so of the sensor or sensor element (a sensing site). Since 
a potential is applied over only one sensor element of 
the whole array and a reference electrode, the deposi- 
tion of the oligomer is limited to this sensor element. In 
this way localised deposition of the oligomer layer is 

ss achieved. 
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Modification of the immobilized oligomer 

[0069] In this step, the carboxyl-function of the oli- 
gomer is activated by using a carbodiimide (EDC: 
1-Ethyl-3-(3-Dimethylaminopropyl) Carbodiinnide). In 
this way, one gets much better coupling yields between 
the oligomer and the biomolecule. 

Deposition of a biomolecule on the Immobilized 
oligomer layer 

[0070] A solution containing the biomolecule to be de- 
posited is flushed over the sensor array with a single 
sensor (sensing site) or a limited number of sensor ele- 
ments (sensing sites) covered by the activated oligomer 
Sufficient time is allowed to complete the interaction be- 
tween the biomolecule and the anchoring sites of the 
oligomer layer. The solution containing the biomolecule 
is washed away and the molecules not covalently bound 
to the oligomer surface are removed, leaving a single 
sensor element with immobilised oligomer-biomolecule 
combination on the surface. 

Structure of the sensor element: 

[0071] In figure 13 (not to scale) the sensor element 
(10) which is build up by different layers is shown. The 
base layer in Si (11) is covered by an insulating SiOg 
layer (12) The electrodes in Pd (13) are covered with 
oligomer material (14), which is coupled with biomole- 
cules (15). 

Array formation 

[0072] Steps 3 and 4 are repeated as many times as 
there are sensor elements to be covered in the sensor 
array. Step 4 is repeated with each time a different bio- 
molecule, the selection of which is dictated by the actual 
application the sensor array is intended for. Step 3 is in 
general the same for all repetitions if the chemical cou- 
pling mechanism for the covalent binding is the same 
for all biomolecules. Eventually the nature of the oli- 
gomer in step 3 is to be adapted depending on the na- 
ture of the biomolecule in order to result In a perfect bind- 
ing. 

Testing 

[0073] The sensor array is brought into contact with a 
solution potentially containing the analytes of interest, 
the solution being obtained either with or without sample 
preparation steps, such as filtration or pre-concentra- 
tion. In the case of the envisaged application, where the 
sensor array is constituted from a number of interdigi- 
tated electrode structures, an impedimetric analysis is 
performed in order to obtain the impedance spectra of 
the individual sensor elements. Given the application 
the detection and/or quantification of the analytes can 



be performed based on the detection of quantitative pa- 
rameters from the impedance spectrum obtained from 
either a single frequency or from a combination of fre- 
quencies. 

5 

Claims 

1. A sensor for the detection of an analyte in a fluid, 
10 said sensor comprising : 

a substantially inert carrier substrate ; 
- at least one electrode positioned on at least 
part of said substrate ; 
IS . an oligomer binding layer at least partly posi- 
tioned on at least part of said electrode ; and 
a recognition molecule bound to said oligomer 
binding layer, said biomolecule being capable 
of recognising said analyte. 

20 

2. The sensor as recited in claim 1 wherein the oli- 
gomer binding layer is a substituted backbone oli- 
gomer material. 

2S 3. The sensor as recited in claim 2 wherein the sub- 
stituents on the backbone oligomer materials com? 
prise at least one of the group of alkoxy-groups, hy^ . 
droxy-groups, amino-groups, epoxy-groups, thiolr 
groups and carboxy I -groups or any other group that, 

30 is capable of binding recognition molecules for de-- 
tecting analytes in a fluid. 

4. The sensor as recited in claim 1 wherein the oli- 
gomer binding layer is a substituted arylene alke- 

35 nylene oligomer. 

5. Sensor as in any one of the preceding claims, 
wherein the oligomer layer is selected from the 
group consisting of 2,5-dimethoxy-1 ,4-bis(3,4,5-tri- 

40 methoxystyryl)benzene, 2,5-alkoxy-1 ,4-bis(3,4,5- 
trimethoxystyryl)benzene and/or 1 ,4-bis(3,4,5-tri- 
methoxystyryI),thiophene. 

6. Sensor as recited in claim 1 , wherein the binding of 
45 the analyte to the oligomer layer is a covalent bond- 
ing. 

7. Sensor as in any one of the preceding claims, 
wherein said recognition molecule is selected from 

50 the group consisting of DNA, RNA, protein, anti- 
body, antigen, oligonucleotide and enzyme mole- 
cules. 

8. Sensor array comprising at least two sensors ac- 
55 cording to any one of the preceding claims, wherein 

said sensors have a different recognition molecule 
and/or oligomer layer. 
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9. A method for manufacturing a sensor, said sensor 
having a substantially inert carrier substrate and at 
least one electrode positioned on at least part of 
said substrate, said method comprising the steps 
of : 

depositing an oligomer binding layer on said 
electrode, and 

binding a recognition molecule capable of rec- 
ognition of an analyte in a fluid to said oligomer 
layer. 

10. The method as recited in claim 9 wherein the rec- 
ognition molecule is bound to the oligomer layer pri- 
or to the step of depositing the oligomer binding lay- 
er on said electrode. 

11. The method as recited in claim 9 wherein the rec- 
ognition molecule is bound to the oligomer layer af- 
ler the slep of depositing the oligomer binding layer 
oil the electrode. 

12. A method for locally depositing an oligomer binding 
l«iycr on a sensor array comprising at least two sen- 
zofo the sensors having a substantially inert carrier 
cub-^irato and at least one electrode positioned on 
Ht iCHSt part of said substrate. Said oligomer binding 
Uycf being deposited on at least one selected elec- 
l'0<ir> of Sriid array by applying a voltage higher than 
no threshold voltage for electrodeposition of said 
oligomer on said selected electrode while the volt- 
Hgc applied on at least part of the other electrodes 
ol s^id array is lower thp.n said threshold voltage. 

13. Mcinod for selectively depositing an oligomer layer 
on an electrode array structure, wherein said oli- 
gomer layer is deposited on a selected electrode of 
Sdic electrode array by applying a voltage higher 
tnan the threshold voltage for electrodeposition of 
said oligomer over said selected electrode while the 
voltage applied over the other electrodes of said 
electrode array is lower than said threshold voltage. 

14. The method as recited in claim 12 and 13 wherein 
the oligomer binding layer is a substituted backbone 
oligomer material. 

15. The sensor as recited in claim 12 and 13 wherein 
the substiiuents on the backbone oligomer materi- 
als comprise at least one of the group of alkoxy- 
groups. hydroxyl-groups, amino-groups, epoxy- 
groups. thiol-groups and carboxyl-groups or any 
other group that is capable of binding molecules for 
detecting analytes in a fluid. 

16. The sensor as recited in claim 12 and 13 wherein 
the oligomer layer is a substituted arylene alke- 
nylene oligomer 



17. Sensor as in claims 1 2 and 1 3, wherein the oligomer 
layer is selected from the group consisting of 
2,5-dimethoxy-1 .4-bis (3,4,5-trimethoxystyryl)ben- 
zene. 2,5-alkoxy-1 .4-bis(3,4,5-trimethoxystyryl) 

s benzene and/or 1,4-bis(3,4.5-trimethoxystyryl)thi- 
ophene. 

18. An oligomer material being a substituted bis(styryl) 
benzene oligomer materials or a substituted bis(sty- 

10 ryl)thiophene oligomer materials. 

19. The material as recited in claim 16 wherein the sub- 
stituents are at least one of the group of alkoxy- 
groups, hydroxyl-groups, amino-groups, epoxy- 

15 groups, thiol-groups and carboxyl-groups or any 
other group that is capable of binding molecules for 
detecting analytes in a fluid. 
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